Abstract. The impact of road construction, two patterns of clear-cut logging, and controlled slash burning on the suspended sediment yield and concentration from three small watersheds in the Oregon Coast Range was studied for 11 years. Sediment production was doubled after road construction but before logging in one watershed and was tripled after burning and clear-cutting of another watershed. Felling and yarding did not produce sta- 
The effects of the logging operation are often difficult to separate. In many erosion studies the sediment contributed by road construction, skid trails, and logging are measured together. One such study at Fernow Experimental Forest in West Virginia reported an average. turbidity of 490 ppm (Jackson turbidity units) during tractor logging. One year la, ter the average turbidity dropped to 38 ppm; 2 years later it was only i ppm. Another study at this forest illustrates the importance of planning logging operations. On a well-planned logging operation, the maximum turbidity was only 25 ppm. An adjacent watershed was logged without any plan or direction, and maximum turbidities of 56,000 ppm were recorded [Reinhart and Eschner, 1962 Fredriksen [1970] reported that on a watershed clear-cut over a 3-year period with a skyline system, and thus without roads, concentrations were only modestly affected during logging. The mean concentration during storm periods remained below 10 ppm until slides triggered by the record storms of 1965 brought about 800 tons of soil and rock material into the channel.
Most of this material remained trapped by logging debris.
Controlled slash burning is a common practice after clear-cutting in the Pacific Northwest.
Little information exists about the effect of controlled burning on sediment production from forests. Burning after logging wtih the skyline system described above was also reported by Fredriksen [1970] . Resulting sediment concentrations during two subsequent years ranged from !00 to 150 ppm and were 67 and 28 times those recorded on an undisturbed watershed during the same period. Fredriksen noted that sediment had been trapped in the logging debris and was released only after burning.
THE STUDY
In 1958 Oregon State University began a cooperative study of the effects of logging on the water quality and fishery resources of three small watersheds in the Alsea basin in Oregon. Commission personnel. During storms samples were taken at more frequent intervals to ascertain sediment loads as stream levels changed. At the small weirs within Deer Creek, samples were taken only during storms.
CI-IANGES IN ANNUAL SEDIMENT LOAD
Analyses were run on two aspects of the suspended sediment data: (1) annual sediment load and (2) suspended sediment concentration. Changes in annual sediment load for the three watersheds were estimated by an averaging technique designed to reduce the variation in sediment associated with a changing streamflow regime. In streamflow studies conducted concurrently with these sediment studies, the timber harvest produced significantly increased volumes of streamflow on both treated watersheds [Harper, 1969; Hsich, 1970] .
A long-term flow-duration curve was used to estimate annual sediment yields on the basis of the flow regime during an average year. The following procedure was used in this averaging technique' (1) six years of data from the call- Table 2 for the U.S. Geological Survey weirs and in Table 3 10 12 * Significant increase at 90% level of probability. • Significant increase at 95% level of probability. [1968, 1970] has noted the dissimilar responses of other watersheds to the same large event. I-Ie has also shown that materials deposited during these events provide a sediment reservoir for many subsequent years. Thus the classical concept of a single 'control' watershed for sediment studies of this type may not always be valid.
The same pattern appears on Needle Branch. The difference during the first water year after logging (19'67) is even more profound. A fivefold increase in mean sediment concentration was not significant at the 90% level of probability because of the upward shift in the sediment-discharge regression of the control watershed during this same year. The increase on Needle Branch is significant at about 87%, but the difference in statistical significance is still surprising.
The comparison of changes in sediment concentration for the small weirs in Deer Creek is shown in Table 3 Table 1 .
DISCUSSION
The results of this intensive study of sediment yield and land use clearly illustrate the The slash fire in Needle Branch was extremely hot; mineral soil was exposed throughout most of the watershed. High sediment yields can be expected when mineral soil is subjected to more than 100 inches of rain during a 6-month period.
The Our ability to make accurate judgments about changes in the sediment concentration-discharge relationship in this study would have been greatly improved by replicating the control. The assumption that neighboring watersheds respond in similar fashion to similar events, regardless of magnitude, is certainly questionable. Thus it would seem that any sediment monitoring system would require more than one control for comparison.
A further constraint in sediment sampling or monitoring is imposed by the influence of a few large storms on annual sediment yields. If these events are not sampled adequately or are missed, conclusions about the treatment effect are likely to be erroneous. This problem is compounded by the treatment itself, which imposes a greater variation on the sediment-discharge relationship, particularly at high flows. Thus monitoring a specific stream to detect a 10% change in sediment concentration will require more than just a few random samples.
We have shown that clear-cut logging may produce little or no change in sediment concentrations in small streams. The greatest changes were associated with the road building operation that preceded logging and the controlled slash burning afterward. We have also shown that unless these changes are large, it may be very difficult to separate man-caused changes in sediment concentration from those imposed by natural variation, particularly if very large runoff events occur within the measurement period.
